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We investigate the ultra-sharp jump in the isothermal magnetization and the resistivity in the
polycrystalline Sm0.5(Ca0.5−ySry)MnO3 (y = 0, 0.1, 0.2, 0.25, 0.3, 0.5) compounds. The critical
field (Hcr), required for the ultra-sharp jump, decreases with increase of ‘Sr’ concentration, i.e.
with increase of average A-site ionic radius 〈rA〉. The magnetotransport data indicate that the
phase separation increases with the increase of 〈rA〉, i.e. with y. The dependency of Hcr with
magnetic field sweep rate reveals that the ultra-sharp jump from antiferromagnetic (AFM) state
to the ferromagnetic (FM) state is of martensitic in nature. Our two-band double exchange model
Hamiltonian calculations show that the ‘Sr’ doping induces the ferromagnetic clusters in the an-
tiferromagnetic insulating phase and in turn reduces the critical field. In the end we present a
phenomenological picture obtained from our combined experimental and theoretical study.
I. INTRODUCTION
Recently, materials exhibiting field induced
metamagnetic phase transition between two ener-
getically competing phases have attracted a lot of
attention due to its complex nature1–5. The oc-
currence of metamagnetic transition is perceptible
by the sharp jump in isothermal magnetization.
It is well established that this transition is inde-
pendent to the microstructure and actually related
to the intrinsic nature of the materialsc˜iteOuyang.
Many extensive studies on this magnetic field in-
duced metamagnetic transition have been car-
ried out over the last decades7–10. Examples of
such materials studied include certain phase sep-
arated manganites, inter-metallic alloys such as
Nd5Ge3, Gd5Ge4, CeF2, etc. and some phase
separated well known multiferroic Eu1−xYxMnO3
systems. The appearance of the magnetization
steps is found to be sensitive to the cooling
magnetic field as well as on the magnetic field
sweep rate1,4. Hardy et al11 have shown that, in
Pr0.5Ca0.5Mn1−xGaxO3, the spontaneous mag-
netization jump occurs in the time evolution of
magnetization for a fixed temperature and mag-
netic field. Wu et al.12 have also observed the same
phenomenon in manganite thin films. The ob-
servation of magnetization (and resistivity) steps
in (La0.5Nd0.5)1.2Sr1.8Mn2O7 is also reported by
Liao et al13. But, the origin of these metamag-
netic transition is still a matter of investigation.
Very different kind of mechanisms have been pro-
posed, such as field dependent orbital ordering in
Pr0.5Ca0.5Mn0.95Co0.05O3
1, spin quantum tran-
sition in Pr5/8Ca3/8MnO3
14, spin reorientation
in FeRh thin films15, geometrical frustration in
garnets16, spin flop transition in Ca3CoMnO6
17
and burst like growth of the ferromagnetic frac-
tion in the phase separation picture. According
to the most of the authors the origin of the mag-
netization steps is of martensitic in nature4,11,18.
In spite of having lot of study to analyze meta-
magnetism in various systems the origin through
detailed analysis has been rarely addressed.
In manganites the metamagnetic transition is
usually observed in low bandwidth charge ordered
systems. Therefore, in our investigation, to un-
derstand the origin of metamagnetic transition we
have chosen Sm0.5Ca0.5MnO3 (SCMO) as parent
compound, which is one of the lowest bandwidth
and robust charge ordered system. It needs 470
kOe magnetic field at 4 K for the metamagnetic
transition19. As the electronic bandwidth depends
on the average A-site ionic radius 〈rA〉20,21, our
study by changing the average A-site ionic radius
will give us the lead to figure out the origin of
the metamagnetic transition. To obtain materi-
als with different electronic bandwidth, we replace
‘Ca’ ions in Sm0.5Ca0.5MnO3 compound by ‘Sr’
ions. This ‘Sr’ doping undoubtedly increases the
eg electronic bandwidth as ‘Sr’ has higher ionic ra-
dius as compared with ‘Ca’. By varying the con-
centration of ’Sr’ doping we prepared a set of sam-
ples with different 〈rA〉 and analyzed their struc-
tural, magnetic and electrical transport properties.
We observe that the critical field decreases with
the increase of 〈rA〉. We explain this by taking the
induced ferromagnetic clusters with ’Sr’ doping in
to account, which act as the nucleation centers for
the metamagnetism. In addition, we performed
spin-fermion Monte Carlo calculations using dou-
ble exchange model Hamiltonian to support our
experimental results.
II. SAMPLE PREPARATION AND
CHARACTERIZATION
All the bulk polycrystalline compounds
Sm0.5(Ca0.5−ySry)MnO3 (y = 0− 0.5) have
been prepared by the well known sol-gel method
with Sm2O3, CaCO3, Sr(NO3)2 and MnO2 as
the starting chemicals of purity 99.9%. In order
to prepare the bulk samples decomposed gel has
been pelletized and heated at 13000C for 36
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FIG. 1. Room temperature XRD data with its corresponding profile fitted data for the compounds
Sm0.5(Ca0.5−ySry)MnO3 (y = 0, 0.1, 0.2, 0.25, 0.3, 0.5)
hours.
The single phase nature of the samples have
been characterized from room temperature x-ray
diffraction (XRD) measurements by using Rigaku-
TTRAX-III with 9 kW rotating anode copper
source of wavelength λ = 1.54A˚. Magnetic mea-
surements have been performed using quantum de-
sign SQUID-VSM. The transport and magneto-
transport measurements have been carried out on
bar shaped samples in longitudinal geometry by
four probe method using Cryogenic setup.
III. RESULTS AND DISCUSSION
A. Structural characterization
The room temperature XRD study (Fig. 1) dis-
play the single phase nature of all the bulk poly-
crystalline compounds. The crystal structure in-
formation has been obtained from Rietveld refine-
ment of the XRD data using FULLPROF software
which shows that all the samples crystallize in or-
thorhombic structure with ‘Pnma’ space group.
The extracted lattice parameter and the average
A-site ionic radius 〈rA〉 are calculated from shanon
effective ionic radii for different y (see Table. I).
〈rA〉 increases gradually with ‘Sr’ concentrations
because of its larger ionic radius as compared with
‘Ca’.
TABLE I. The lattice parameters and average A-site
ionic radii for the samples Sm0.5(Ca0.5−ySry)MnO3
(y = 0, 0.1, 0.2, 0.25, 0.3, 0.5)
y a (A˚) b (A˚) c (A˚) 〈rA〉 (A˚)
0 5.423 5.370 7.582 1.156
0.1 5.415 5.381 7.593 1.169
0.2 5.410 5.401 7.626 1.182
0.25 5.404 5.413 7.629 1.188
0.3 5.410 5.416 7.634 1.195
0.5 5.441 5.425 7.660 1.221
We estimate the orthorhombic distortion [de-
fined as δ = a+b−c/
√
2
a+b+c/
√
2
] from the lattice parame-
ters. The variation of δ and the unit cell volume
with 〈rA〉 are plotted in Fig. 2. Initially distortion
decreases rapidly up to y = 0.2 with increase of
〈rA〉 and then increases very slowly with 〈rA〉. On
the other hand, unit cell volume increases steadily
with increase of 〈rA〉.
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FIG. 2. Evolution of orthorhombic distortion (δ) and
unit cell volume with 〈rA〉.
B. Magnetotransport and magnetization
study
The increase of average A-site ionic radius and
reduction of orthorhombic distortion greatly influ-
ences the transport and magnetotransport proper-
ties as the bandwidth of eg electrons in manganites
is directly proportional to the 〈rA〉. The temper-
ature dependence of resistivity [ρ(T )] in absence
of any external magnetic field has been performed
for all the samples. The measurements were done
during warming cycle after cooling the samples in
zero magnetic field. The evolution of ρ(T ) with
different ‘Sr’ concentrations (y) (Fig. 3) shows that
the samples are insulating down to the measurable
resistance limit.
There is a relative suppression of resistivity
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FIG. 3. Temperature dependence of reduced resis-
tivity of the samples Sm0.5(Ca0.5−ySry)MnO3 (y =
0, 0.1, 0.2, 0.25, 0.5) in absence of external magnetic
field. Inset (A) shows the d[ln(ρ)]/dT−1 vs. T plot
for the samples and inset (B) shows the variation of
activation energy with 〈rA〉.
value with increase of ‘Sr’ concentrations at low
temperatures. Moreover, the ‘Sr’ substitution also
decreases the charge ordering temperature (TCO)
from 260 K for y = 0 to 210 K for y = 0.5 [see
inset (A) of Fig. 3] and increases the fragility of
the CO state. The reduction of resistivity with
‘y ’ as well as softening of CO state is due to the
increase of bandwidth by increasing A-site ionic
radius. For further investigation, we analyze the
high temperature (T > TCO) resistivity data with
the help of small polaron hopping model (SPH).
It is known that in manganites the electrical re-
sistivity in paramagnetic region is mainly gov-
erned by the polaronic activation. According to
the SPH model22 the expression of resistivity is
ρ = ρ0Texp(EA/kBT ) where EA is the polaronic
activation energy. From the fitting of the high
temperature (T > 260K) resistivity data, the acti-
vation energy EA for ‘Sr’ doped samples has been
calculated and its evolution with ‘y ’ is shown in the
inset (B) of Fig. 3. The activation energy reduces
with ‘y ’ as expected (bandwidth decreases the ac-
tivation energy). Previously, it was shown that
the increase of 〈rA〉 converts the charge ordered
state to electronically phase-separated state23–26
and results a spontaneous metal insulator transi-
tion. Though in our case, there is no spontaneous
metal insulator transition, but the reduction of re-
sistivity and softening of CO state with ‘y ’ points
towards a phase coexistence scenario at larger y.
To have a clear vision about this phase coexis-
tence scenario we perform the temperature varia-
tion of resistivity in presence of 90 kOe magnetic
field (see Fig. 4). There is almost no effect of 90
kOe field on the resistivity of y = 0 sample as ex-
pected (critical field for robust charge ordered ma-
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FIG. 4. Temperature dependence of resistivity for
the samples Sm0.5(Ca0.5−ySry)MnO3 (y=0, 0.1, 0.2,
0.25, 0.5) in presence of 90 kOe external magnetic field.
terial Sm0.5Ca0.5MnO3 is 470 kOe at 4K). With
substitution of ‘Sr’ in place of ‘Ca’ a huge suppres-
sion of resistivity is observed on application of 90
kOe magnetic field and shows an insulator to metal
transition. Moreover, with increasing ‘Sr’ concen-
tration the curve around the TMI gets broaden,
which signifies the enhancement of phase coexis-
tence. Thus, it can be firmly said that the ‘Sr’
doping weaken the robustness of CO state and in-
troduces the phase separation.
Manganite systems being strongly correlated in
nature, the phenomena of phase separation should
also be reflected in magnetization data. In this
regard, magnetization as a function of tempera-
ture [M(T)] has been measured in the field cooled
warming (FCW) protocol in presence of 100 Oe
magnetic field for (y = 0, 0.1, 0.2, 0.25, 0.5). The
evolution of M(T) for these samples are shown in
Fig. 5. At low temperature (T < 50K) with ‘Sr’
doping the magnetization increases. The value of
magnetization increases from 0.004µB to 0.303µB
at 25K with increasing ‘Sr’ concentration from
y = 0.25 to y = 0.5. This result verifies the en-
hancement of ferromagnetic phase fraction with
‘Sr’ doping. At the same time ‘Sr’ substitution
decreases the charge ordering temperature (TCO)
as well as the anti-ferromagnetic ordering temper-
ature (TN ) (see the inset of Fig. 5). For y = 0.5
composition there is no signature of TN . This is
due to the existence of tri-critical point around
100K27.
For further investigation, we analyze the high
temperature (T > 260K) inverse dc susceptibility
(H/M) versus temperature data at 100 Oe mag-
netic field with the Curie-Weiss law χ = C/(T −
θCW ) where C = µ
2
eff/3kB [µeff and θCW are the
effective paramagnetic moment in Bohr magne-
ton and paramagnetic curie temperature, respec-
tively]. The variation of dc susceptibility (H/M)
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FIG. 5. Evolution of magnetization with
temperature, measured in FCW protocol in pres-
ence of 1 kOe magnetic field for the samples
Sm0.5(Ca0.5−ySry)MnO3 (y=0, 0.1, 0.2, 0.25, 0.5).
Inset shows the temperature derivative of the corre-
sponding magnetization of the samples.
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FIG. 6. Temperature dependence of inverse
dc susceptibility (H/M) data, measured in pres-
ence of 100 Oe magnetic field for the samples
Sm0.5(Ca0.5−ySry)MnO3 (y = 0, 0.25, 5).
with temperature for y = 0.1, 0.25, 0.5 samples and
their corresponding Curie-Weiss fitted data are
presented in Fig. 6. From the fitting, paramag-
netic curie temperature comes out to be 110 K,
122 K and 145 K for the samples with ‘Sr’ concen-
trations y = 0.1, 0.25 and 0.5, respectively. Fur-
thermore, the enhancement of the effective para-
magnetic moment (µeff = 6.16µB for y = 0.1 to
µeff = 6.76µB for y = 0.5) has also been ob-
served. This increase of θCW and µeff clearly
indicates the enhancement of ferromagnetic inter-
actions with ‘Sr’ doping. Here another point needs
to mention is that the values of the effective mo-
ments are larger than the theoretical calculated
value of 4.42µB . It indicates the presence of ferro-
magnetic clusters in the high temperature region
(T > 260K). These clusters behaves as an indi-
vidual paramagnetic entity which contains more
than one Mn ions28. This is why µeff value [=
4.32µB ] for y = 0 sample (without any ferromag-
netic clusters) is close to the theoretical expected
value. These systematic result further implies that
‘Sr’ doping induces the ferromagnetic clusters in
the host antiferromagnetic phase.
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FIG. 7. Isothermal magnetization of the samples
Sm0.5(Ca0.5−ySry)MnO3 (y = 0, 0.1, 0.2, 0.25, 5) at
2 K.
C. Metamagnetic transition
To see the effect of magnetic field in these phase
separated state, we measure the field dependence
of magnetization at 2K for these samples as pre-
sented in Fig. 7. For the samples without any ‘Sr’
concentrations (i.e. y = 0) and with small ‘Sr’ con-
centrations (i.e. y = 0.1) we find a linear increase
of magnetization with magnetic field up to the 70
kOe field due to the strong CO-AFM phase in par-
ent compound SCMO. With further increase of ‘Sr’
concentration i.e. to y = 0.2, a sharp metamag-
netic transition is observed at 55 kOe (the mag-
netization increases from 0.75µB to 3µB). So at
this point the system converts completely from a
CO antiferromagnetic (CO-AFM) phase to a fer-
romagnetic (FM) phase. The descending branch
of the M-H curve remains almost flat down to 10
kOe field which indicates the irreversible nature of
the field induced CO-AFM to FM transformation.
With further decreasing of the field from 10 kOe
we find that the magnetization rapidly decreases.
On the other hand, with further increase of ‘Sr’
concentrations requirement of critical field for the
metamagnetic transition decreases to 47 kOe for
y = 0.25 and to 20 kOe for y = 0.5. Although in
y = 0.5, the initial increase of magnetization is like
a soft ferromagnet, which indicates the dominance
5of ferromagnetic phases as compared to the anti-
ferromagnetic phases in the sample. Previously,
the same kind of sharp metamagnetic transition
has been observed in Mn site doped CO mangan-
ites, for instance in Pr0.5Ca0.5Mn1−xMxO3. Ac-
cording to Raveau et al.1 the occurrence of this
step like behavior in Mn site doped manganites
is because of the presence of the short range or-
dered ferromagnetic regions in the CO-AFM re-
gion. Here, the existence of ferromagnetic clus-
ters and their growth with ‘Sr’ doping is also ob-
served from the analysis of dc susceptibility data.
These ferromagnetic clusters play the role of nu-
cleation centers in the metamagnetic transitions
(from CO-AFM to FM phase) and sharpness of
steps indicates the jerky growth of these FM clus-
ters. The downward shifting of the critical fields
with increasing ‘Sr’ concentrations is possibly be-
cause of the increasing number of ferromagnetic
clusters.
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FIG. 8. Magnetic field dependence of resistance of
the samples Sm0.5(Ca0.5−ySry)MnO3 at 2 K.
Next, we measure the resistance with variation
of magnetic fields at 2 K for our samples to cor-
relate the shifting of the critical field as seen in
magnetization data. Here in the sample y = 0.1,
metamagnetic transition is observed at 89.7 kOe
which was not visible in magnetization because of
the instrumental limitation. In y = 0 sample there
is almost no effect of magnetic field (not shown in
the figure). In the subsequent ‘Sr’ doped samples
i.e. for y = 0.2 metamagnetic transition occurs at
58.8 kOe [and 48.5 kOe for y = 0.25]. The slight
higher values of the critical field determined from
R-H compared with M-H is possibly due to differ-
ent average sweep rate of the field. For example
for y = 0.25 sample, in M-H sweep rate was 100
Oe/sec and in R-H it was 24 Oe/Sec. The de-
pendence of critical field on sweep rate is a signa-
ture of martensitic like transition as smaller sweep
rate assist the progressive accommodation of the
martensitic strain which push the instability to-
wards higher magnetic field as discussed in our
earlier work29.
D. Theoretical study
In order to further explain the experimental re-
sults we perform spin-fermion Monte Carlo cal-
culations. Our prime motive is to analyze the
role of ‘Sr’ disorder on the metamagnetic transi-
tion. In SCMO, ’Sr’ doping is simulated by adding
quenched disorder to a well studied model Hamil-
tonian for manganites in the large Hund’s coupling
limit (JH →∝)30,31. Our model Hamiltonian:
H = −
αβ∑
〈ij〉σ
tijαβc
†
iασcjβσ − JH
∑
i
Si.σi
+ J
∑
〈ij〉
Si.Sj − λ
∑
i
Qi.τ i +
K
2
∑
i
Q2i
where tαβ is the hopping amplitude between
nearest neighbor eg electrons with orbitals (α,
β) and σ (=↑, ↓). α (and β) denotes dx2−y2 and
d3z2−r2 Mn-orbitals. JH (Hund’s coupling) is be-
tween Mn t2g spin Si and eg electron spin σi at site
i, whereas J is the superexchange interaction be-
tween neighboring Mn t2g spins. λ is the electron-
phonon interaction between eg electrons and the
Jahn-Teller phonon modes (Qi) in the adiabatic
limit. We treat (Si) and (Qi) as classical
32 vari-
ables. K (stiffness of Jahn-Teller modes) and |Si|
are set to be 1. For more details please see Ref. 30
We incorporated the effect of ’Sr’ disorder by
adding
∑
ini term to the Hamiltonian. One gen-
erally add
∑
i ini to the Hamiltonian such that
average i = 0 to model A-site disorder in mangan-
ites with two A-type elements19,33 [example: for
Sm0.5Ca0.5MnO3 (SCMO) or Sm0.5Sr0.5MnO3
(SSMO) like samples]. This is done by choosing i
at each site from P (i) =
1
2δ(i−∆H)+ 12δ(i+∆H)
distribution. In Sm0.5Ca0.25Sr0.25MnO3 (SC-
SMO), with three A-type elements, Sr2+ ions
(with larger ionic radius than Sm3+ and Ca2+
ions) occupy one fourth of the A-sites randomly.
So by neglecting the ionic mismatch between Sm
and Ca elements we model Sr and Sm-Ca disor-
der by adding
∑
i ini at each Mn site picked from
the distribution P (i) =
1
4δ(i − ∆Q) + 34δ(i +
∆Q)
29,34. Both ∆H and ∆Q are quenched disor-
der potentials. ∆H (H stand for half) and ∆Q
(Q stand for quartern) are binary disorder with
ratio 50-50 and 25-75, respectively. In an exter-
nal magnetic field we add a Zeeman coupling term
−∑i h·Si in our model Hamiltonian. We measure
all the parameters in terms of the hopping energy
t. The estimated value of t in manganites is 0.2
eV30.
We use an exact diagonalisation scheme for the
eg electrons using different background t2g spins
and phonon mode (Q) configurations. Background
6configurations were chosen using travelling cluster
approximation (TCA) based spin-fermion Monte
Carlo technique to access the large system size
(24 × 24 lattice)31,35. In different magnetic field
our measured magnetization is thermally averaged
over ten different disorder samples in addition
to the thermal averages during the Monte Carlo
sweeps. Over 10,000 Monte Carlo sweeps were per-
formed to thermalize the system.
First we start our calculations using λ = 1.65
and J = 0.1 that reproduces the correct magnetic
phase (CE-CO-OO-I phase) at low temperatures
for electron density n = 1 − x = 0.536. At T =
0.005 the magnetization (M) remains very small
even for ∆Q = 0.3
29. In Figs. 9(a)–(d) we show the
magnetization vs. field (h) curve for the clean sys-
tem (without any disorder) using dotted lines. The
metamagnetic transition is at h = 0.11. For ∆Q
= 0.1 the metamagnetic transition remains sharp,
but the critical field hcr decreases to 0.09 as shown
in Fig. 9(a). For ∆H = 0.1, the critical field for
the magnetic transition remains the same to that
of ∆Q = 0.1. So, for ∆Q = ∆H = 0.1 the system
behaves more or less like clean system. Also the in-
set of Fig. 9(d) shows that the magnetic transition
for ∆Q = 0.1 remains sharp even for higher tem-
perature (T = 0.01) unlike SCSMO experiments29.
Therefore we believe that the disorder strength is
larger that ∆Q = 0.1 in SCSMO. For ∆H = 0.2 and
0.3 the magnetic transition is continuous with the
field and qualitatively agrees with previous work33.
But the correct way to model ’Sr’ disorder in SC-
SMO is to add disorder that is ∆Q type. It is
apparently clear that the critical field for metam-
agnetic transition decreases to h = 0.08 for ∆H
= 0.2 and 0.3. For ∆Q = 0.2, the sharpness of
magnetic transition vanishes at T = 0.01, which
qualitatively matches with the trend of SCSMO
experimental data29.
Next, we move to analyze the M-h curve for
the series (SCMO-like, SCSMO-like and SSMO-
like) of materials as prepared in the experiments.
We know that SSMO (SCMO) has larger (smaller)
bandwidth than SCSMO. We incorporate the
bandwidth variation by changing λ (and J) val-
ues in our model Hamiltonian. Smaller λ (and J)
implies larger bandwidth or vice versa. For clarity
we treat SCMO as a clean system (due to the small
mismatch between Sm and Ca ionic radii) and use
λ= 1.73, J = 0.105 for SCMO-like materials. For
SSMO-like materials we set ∆H = 0.2, λ= 1.57,
J = 0.095. For SCSMO we choose ∆Q = 0.2, λ=
1.65, J = 0.1 as discussed above. Fig. 10(a) shows
that our results qualitatively agree with the ex-
periments. We denote ∆ = 0.2 (0.3) [i.e. ∆Q =
0.2 (0.3) for SCSMO-like material and ∆H = 0.2
(0.3) for SSMO like material] for brevity. Magne-
tization of SCMO-like material remains small even
for h = 0.12. For SCSMO-like material the meta-
magnetic transition is at critical field hcr = 0.08.
For SSMO we find sizeable magnetization even at
FIG. 9. Magnetization vs. field using λ= 1.65 and J
= 0.1. (a)–(c) M−h phase diagrams using different ∆
(both ∆Q and ∆H) values at temperature T = 0.005.
Dotted line (circle symbols) in (a) [also in (c)–(d)] is
for clean system (∆ = 0). (d) M − h phase diagram
for ∆Q =0.2 for T = 0.005 and T = 0.01. Inset of (d)
shows the same using ∆Q =0.1.
FIG. 10. Magnetization vs. field (M−h) for three sets
of parameters (mimicking SCMO, SCSMO and SSMO
samples). (a) ∆ =0.2 and (b) ∆ =0.3. Dashed lines
in both (a) and (b) are for ∆ = 0. Please see the text
for details.
h = 0.0 and the metamagnetic transition is at
h = 0.06 (smaller than that of SCSMO). For clar-
ity and completeness we also plot the two curves
using ∆Q= 0.3 and ∆H= 0.3 (along with the clean
SCMO) in Fig. 10(b). The trend of M-H curves
from SCMO-like to SSMO-like materials remains
qualitatively same for both set of parameters.
So the experimental scenario can be explained
by a simple phenomenological picture obtained
from our experimental and theoretical study (see
Fig. 11). According to this picture ‘Sr’ doping
(in place of ‘Ca’) in SCMO induces ferromagnetic
clusters. The area and number of ferromagnetic
cluster increases gradually with ‘Sr’ doping and at
y = 0.5 area of each ferromagnetic cluster phase
is maximum. These clusters act as the nucleation
center that give rise to martensitic like transfor-
mation and convert the CO-AFM phase to a FM
phase. With increasing the bandwidth (by in-
creasing y) the phase separation increases, i.e. the
7y = 0 y = 0.25 y = 0.5
Sm0.5(Ca0.5-ySry)MnO3
AFM CO FM
FIG. 11. A schematic picture to describe the re-
duction of critical magnetic field for the metamagnetic
transition from y = 0 to y =0.5.
strength as well as number of these nucleation cen-
ter increases and as a result the critical field de-
creases with y.
IV. CONCLUSIONS
In summary, we have investigated the metamag-
netic properties of the Sm0.5(Ca0.5−ySry)MnO3
compounds through isothermal magnetization and
resistivity measurements. The presence of ultra-
sharp jump at low temperature (T < 5K) in both
isothermal resistivity and magnetization is due to
the strong spin and charge coupling in the sys-
tems. The sweep rate dependence of the critical
field (Hcr) indicates the martensitic scenario. ‘Sr’
doping (in place of ‘Ca’) in SCMO induces ferro-
magnetic clusters and the volume of these ferro-
magnetic clusters increases in the CO-AFM mate-
rials with average A-site ionic radius 〈rA〉 as per-
ceived from the magnetotransport and magneti-
zation data. Our model Hamiltonian calculations
also confirm this scenario. These ferromagnetic
clusters act as the nucleation center in the CO-
AFM background for the burst like growth from
CO-AFM to FM phase at critical field. The FM
fraction increases with 〈rA〉 and as result the Hcr
decreases with ’Sr’ doping.
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